Roof systems of species of Aristida, Bouteloua and Tricbacbne were resiricted to fhe upper 7 inches of soil, with depth penetration of roots influenced by charaderisfics of fhe soil. Grazing affected roof developmeti by reducing ihe amount of branching of first-order roots and, in 2 species of Bouteloua, by decreasing total root density. Root diameter was not affected.
The root system of a plant represents almost one half of the total material produced by that plant, and must be taken into account when the effect of environmental factors on plant development are studied.
Several early clipping experiments (Biswell and Weaver, 1933; Robertson, 1933; de Peralta, 1935) found that root development was affected by defoliation and reduction of photosynthetic surface. Crider (1955) observed root growth directly and noticed a cessation of growth for a period of time dependent on the severity of the clipping treatment. Troughton (1957) (Youngs et al., 1955) classifies the soil at the study site as Tumacacori coarse sandy loam, a soil which "absorbs and holds moisture well, releases it readily to plants, and is sufficiently rich in humus and nitrogen to support vigorous plant growth."
The study site was located at Parker Station, 4300 ft above sea level. An enclosure protecting vegetation from grazing by livestock had been established there in 1935, within which a good stand of grama grasses was found. The area outside the enclosure had been grazed by cattle under varying intensities during the history of the experimental range, but the presence of a cow path along the edge of the enclosure indicated fairly constant presence of cattle in the area whenever the pasture was in use. Measurements were made on root systems of at least 10 individual plants of 4 species, both within and outside of the enclosure to detect any differences which could be attributed to differences in past grazing pressures.
To expose the roots, a method developed by van Breda (1937) was adopted.
Soil was removed from around the plant roots by means of a jet of compressed air, provided by a portable air compressor.
In some areas of compacted soil, an ice pick was used to loosen the soil before blowing. Fig. 1 shows the root system of a grass plant after excavation by this method.
The density of the exposed root system was estimated by counting the number of roots which passed through a 1 x2-inch wire frame, held within 3 inches from the base of the plant; a total of 4 counts were made for each plant. An independent estimate of root density was made by counting the number of secondary branches along the first 6 inches of main root, making 4 or more counts per plant, depending on the amount of variation within each species. Root diameter was measured on 20 main roots of each plant, cut within one inch from the base of the plant and mounted on scotch tape for easier handling.
All measurements were restricted to the upper part of the root systems, in the top 7-inch soil layer. My prior root excavations in the same general area had shown that most of the root development of the grass species concerned took place at this shallow depth. Deeper root penetration appeared to be closely related to soil type and no attempt was made to determine the influence of grazing on extreme rooting depths.
Roof Developmenf
Besides Aristida glabrata, three other species of threeawns were encountered on the study area, poverty threeawn (A. divaricata H. & B.), spidergrass (A. ternipes Cav.) and
The general descriptions of root systems in this section are based on more complete root excavations along deep trenches, both within and outside of the enclosure and at other sites within the experimental range. The additional species mentioned were closely related to the grasses studied, but were not available both within and outside of the enclosure for comparison. The most characteristic feature of the hirsuta Lag.) and Rothrock grama roots of the threeawns was the presence of a light-colored sheath enveloping the stele. A similar sheath was described by Price (1911) for some Saharan species of this genus. Miscroscopic examination of crosssections of threeawn roots showed the sheath as an external cell layer, in which root hairs and particles of sand were embedded.
The intermediate cortical region below the epidermis had disintegrated, leaving the stele and endodermis as a loose central column (Fig. 2) . (B. rothrockii Vasey) , the root diameter averaged 0.35 mm, but the taller sideoats grama had coarser roots, averaging 0.75 mm in diameter. Superficial root development was restricted to the upper 7 inches of soil, but downward extensions to depths of 36 inches were observed in coarse-textured deep soils. The roots of Arizona cottontop were similar to those of the gramas in lateral spread and depth of penetration. The roots were not as much branched, however, and average root diameter was 0.61 mm. Cell walls were heavily lignified and a concentration of main xylem vessels was found in the center of the stele, making these roots strong and difficult to break. 
Effects of Grazing and Discussion
The amount of branching was the parameter of root development most consistently affected by grazing (Table 1 ). Statistical analysis of the variation around the mean, and a simple t-test, showed significant differences in all cases at the 5% confidence level.
Number of roots/ins was only affected in the highly-branched root systems of the grama grasses; in Aristida glabrata the number of branches relative to the number of main roots was too low to show any reduction in total number of roots near the base of the plants; while in Arizona cottontop the observed decrease in number of roots was too variable to show up significantly.
Root diameter was highly variable and no significant differences were observed between protected and non-protected plants. The lack of observable differences in some species may also have been due to their relative unpalatability and light use TECHNICAL NOTES even under unprotected conditions.
The fact that defoliation results in a reduction in the total root mass of the plants so treated, has by now been documented in several studies and with various species. The results of this study show that much of this reduction comes from a tendency towards less branching of the main roots. Such secondary branches in general are short and their loss does not always show up in a reduction of root density expressed as number of roots passing through an arbitrary surface area. But as these smaller branches present a relatively larger surface area in contact with the soil, their reduction could seriously restrict the potential of the plant to obtain moisture and nutrients from the soil.
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